Summary.-Present evidence suggests that the cell surface has an important role in metastasis. To examine this idea further, the surface properties of single cells isolated from the primary growths of a liver-metastasizing (ML) and a non-metastasizing (NML) lymphosarcoma were compared for adhesion to cell monolayers, cytopherometry, isoelectric focusing, adhesion to immobilized lectins and surface labelling with lactoperoxidase-catalysed radioiodination. It was found that the ML cells had increased adhesion to 3 out of 4 of the monolayers studied; a lower overall surface charge but greater peripheral concentrations of charge; and increased surface expression of the fucose moiety. No consistent difference between the two cell types was detected in the electrophoretic pattern of the labelled surface proteins. These findings are discussed in the light of present knowledge of the cell surface, and it is concluded that the significance of any of the observed changes in relation to metastasis has yet to be established.
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IT CAN BE INFERRED, on the basis of in vitro studies and indirect in vivo evidence (Weiss, 1973; Poste, 1977; ) that the tumour-cell surface plays an important part in metastasis. If this idea is correct, there should be differences in cell-surface properties between non-metastasizing and metastasizing tumours. The objective of the present study was to examine this possibility. For this purpose, tumour cells were isolated from a non-metastasizing lymphosarcoma and from the primary growth of one which metastasized to the liver: both tumours having the same origin (Carter & (Wershon, 1966) . The procedures used to prepare these single-cell suspensions had been shown in previous studies to isolate the cells without substantial disruption of their surface structure (Guy et al., 1-977; Guy et al., 1979a) . The methods used to examine the surface properties of the isolated cells were: cell adhesion to cultured monolayers; cytopherometry; isoelectric focusing; cell adhesion to lectincoated polystyrene; and lactoperoxidasecatalysed radioiodination coupled with gel electrophoresis. It must be emphasized that these methods were adopted to determine differences in surface structure, and did not measure directly any metastatic processes.
MATERIALS AND METHODS
G(rowth of tumours and preparation of cell .suspensions. Non-metastasizing (NML) and metastasizing (ML) lymphosarcomas were raised in the s.c. site in 2-4-month-old inbred Syrian hamsters. Cell suspensions were prepared using collagenase. and non-viable cells and erythrocytes w%Nere removed by centrifugation on Ficoll/Hypaque. These preparative techniques have beeni previously described in much greater detail (Guy et al., 1977 (Guy et al., , 1979a . All purified single-cell suspen-sions were washed twice with 10 ml of Medium 199/Hanks' salts. Collagenase treatment caused the release, on average, of the same number of cells (_~5 x 107/g tissue) from each tumour line, and after purification cell viabilities were 90-95% (trypan blue). The tumour-cell content of preparations was 90-93% as judged by Wright's stain (Baker et al., 1966) .
Adhesion of cells to monolayers.-The monolayer-adhesion assay was described by Walther et al. (1973) . An aliquot of 105 tumour cells labelled with 51Cr (Greaves et al., 1969) Results from the monolayer adhesion studies were expressed either as maximum adhesion (which occurred in all cases by about 60 min) or the adhesive rate constant (ARC) (Walther et al., 1973) . The latter is defined as the percentage of cells in suspension that adhered per minute to the monolayer during the linear part of the adhesion curve. For the BHK, HaK and 3T3 monolayers, this occurred 10-30 min after addition of the tumour cells, whereas for the Chang monolayer it was 5-20 min after cell addition.
Ideally, the adhesion experiments should have been carried out with cell lines originally isolated from a number of hamster organs, with special reference to the liver; however, few suitable lines were available. Our cell lines were chosen for various reasons: two because they were originally isolated from hamster tissue, one because it was originally isolated from liver, albeit human, and a fourth line (3T3) because a previous similar cell-adhesion study investigating the B16 metastatic variants had used this same cell line. It was realized that none of these lines could ever approximate a model system for investigating the interaction between tumour cells and the tissues to which they metastasize.
Cytopherometry.-Cytopherometry was carried out in isotonic sucrose (SPB) buffered to pH 7*5 (0-25M sucrose, 1-26mM NaH2PO4, 6-83mM Na2HPO4) using a rectangular cell (Rank Bros, Bottisham, Cambridge) as described by Latner & Turner (1974) . The mobility (,tm/sec/cm) of each batch of cells was taken as the mean of at least 10 and not more than 20 observations. All measurements were performed at 25 + 0-10C, and human erythrocytes were used as controls to check the operation of the instrument.
Immediately before any measurement of mobility, the cells were washed with 10 ml SPB.
Isoelectric focusing.-Isoelectric focusing was carried out in a microanalytical column as described by Sherbet & Lakshmi (1973) . An aliquot of 1-2 x 106 cells was focused for 20 min by post-pH equilibrium loading of the cells in a Ficoll/sucrose gradient (2-15%) containing ampholines at pH 4-6 (LKB). After focusing, the column was drained. The pH and the OD at 420 nm were determined in 0-5ml fractions. Lectin-mediated cell adhesion.-This was carried out as described by Guy et al. (1979b) .
Concanavalin (Con A), wheat-germ agglutinin (WGA), castor bean agglutinins (ricin I and ricin II), gorse lectin (gorse I), and the respective competitive sugars (ox methyl mannopyranoside, N-acetyl glucosamine, Nacetyl galactosamine, D-galactose and a Lfucose) were used. Both lectins and sugars were supplied by Sigma London Chemical Co. Ltd. The lectin Product Nos were C2010, L1005, L8879, L1132, L5505 respectively. The lectins, as stated by the suppliers, were highly purified preparations giving a single band on electrophoresis in 7-5% polyacrylamide gels, and each lectin was certified for its particular specificity by testing the ability of a wide range of sugars to inhibit redcell agglutination by the lectin. Information given by the suppliers indicates that the lectins were mainly prepared by chromatography.
Lectins were coupled to 60mm diameter Petri dishes (bacteriological grade-Becton and Dickinson Ltd) with 1-cyclohexyl-3-(2-morpholinoethyl)-carbodiimide metho-ptoluene sulphonate, using a method described by Edelman et al. (1971) . After such treatment, the liquid was poured off and the immobilized lectin was washed x 3 with 5 ml phosphate-buffered saline (PBS) pH 7-4. The linkage formed between the lectin and the substrate appeared to be very stable, as the dishes gave the same result after standing overnight at 4°C. An aliquot of 2 x 106 tumour cells in 2 ml PBS was added to duplicate dishes and cell suspensions were agitated (80 oscillations per min) at 25 + 1°C for 30 min. A previous study (Guy et al., 1979b) had shown that this interval was sufficient for maximum adhesion. Non-adherent cells were removed by careful washing with PBS, and the number of adherent cells counted in 10 randomly selected separate fields (one field = 0435 mm2) using an eye-piece grid and an inverted microscope.
In all cases, inclusion of the specific sugar competitor (10 mg/ml) with the tumour cells was found to inhibit their adhesion by 90 %.
Radioiodination and electrophoretic separation of the labelled extract.-Cell-surface proteins were labelled with 125I as described previously (Guy et at., 1977) . Extracts of this labelled material were separated by electrophoresis in 7.5% (w/v) polyacrylamide gel containing 200mM sodium phosphate buffer, pH 7-2, 0 2% (w/v) SDS and 0.05% bromophenol blue. After electrophoresis, the distribution of radioactivity was determined by counting 1mm slices of the gels. Extensive details of these techniques have been given elsewhere (Guy et al., 1977 (Guy et al., , 1979a . Collagenase (mol. wt 110,000), fetuin (50,000), pepsin (35,000), trypsin (24,000) and lysozyme (14,300) were used as mol. wt markers in the electrophoretic analyses. All were supplied by the Sigma London Chemical Co. Ltd. Table I compares the adhesion of the NML and ML cells to the various monolayers of cultured cells. For 3 of the 4 cell monolayers investigated (Chang, BHK and HaK) it was found that both the ARC and the maximum adhesion for the ML cells were significantly higher (P < 0.005) than those values for the NML cells. In the case of the 3T3 monolayers, no significant (P > 0.05) difference in adhesive properties for the two tumour-cell types could be detected.
RESULTS
The results from cytopherometry and isoelectric focusing are given in Table II . For all preparations of ML cells, the electrophoretic mobility (P < 0O001) and the 4.9 + 0-4*** Each of the above values was calculated from 9 observations, 3 independent measurements being made oni each cell suspension prepared from 3 different tumours.
Student's t test, NML vs ML: *P < 0-001; **P < 0.05; ***P > 0.05. (Gershon et al., 1967) . The fact that one of these cell types produces metastases, while the other does not, supports the idea that one important factor in metastasis could be the specific interaction of the metastasizing cell at the secondary site, as proposed by Fidler (1978) , Brunson et al. (1978) and Poste & Fidler (1980) . This suggests that differences in surface properties might exist between these two cell types. In the present study, certain differences have been clearly demonstrated, but their relationship, if any, to metastasis is still unclear and pair of animals are illustrated, plotted remains to be determined.
percentage of the recovered count. We are well aware that it could be ,litatively the labelling pattern is very argued that the differences we detected lar for the two tumour-cell types. might reflect random differences in the surfaces of two cell populations. (Carter, 1978) . Since the NML and little, if any, difference in the basic cellsurface structure, a conclusion borne out by their similarities in the overall surface protein and sugar composition. It can thus be dedtuced that there is a high probability that, amongst the differences we did demonstrate, one or more relates to the property of metastasis. In this respect, it is very interesting to note that the greater affinity of the ML cells for the fucosebinding lectin could well bear some relationship to the finding of a higher level of a fucosyl transferase in metastatic breasttumour lines than in non-metastatic lines (Chatterjee & Kim, 1978) . Moreover, a recent study (Turner et al., in press) has shown that if ML cells are subjected to a p)rocedure which successively selects cells which metastasize to the liver, the selected cells also exhibit increased expression of fucose on their cell surfaces.
Metastatically selected variants may prove in the future to be a more useful tool than non-metastatic and metastatic lines for studying surface changes associated with metastasis, but they are not without their drawbacks. They are frequently obtained by selecting for their ability to implant after i.v. injection of cultured cells, rather than their ability to metastasize from a solid primary tumour growth. Also, from personal observations and from reports in the literature (Fidler, 1.979: Reading et al., 1980) Tao et al., 1979) have .suggested that organ specificity may be important in determining the site of secondary localisation.
Using the 3T3 mouse-cell monolayers, we found that both the extent and rate of adhesion of the ML cells was very low and not significantly different from that of the NML cells. In contrast, a previous study into cell adhesion has shown that the highly metastatic (FIO) line of the B16 melanoma exhibits much higher rates and extents of adhesion to 3T3 monolayers than those observed for the low metastatic (Fl) line. However, B16 is of mouse origin, and the F10 line does show enhanced secondary growth in the lungs and not the liver so this discrepancy between our findings and those of Winkelhake and Nicolson with the 3T3 monolayers may not be surprising. Interestingly, the Ft line can form extrapulmonary metastases and aggregates with suspended liver cells to a greater degree than does FI0 .
Our measurements of surface charge using two different methods, cytopherometry and isoelectric focusing, produced conflicting results. The former method suggested that the net negative surface charge on ML cells was greater than on NML cells; whereas the latter method indicated the reverse situation. The reason for this discrepancy in the data given by the two techniques is probably that cytopherometry only measures charge at the periphery of the surface (to a depth of 1 nm) whereas isoelectric focusing can measure charge to a much greater depth (-6 nm) (Sherbet, 1978) . If this explanation is correct, the ML cells have less net negative charge overall, but a higher net concentration of negative charge at their periphery. Previous studies on the metastatic variants of the B 16 melanoma have reported a higher overall net negative surface charge (Bosmann et al., 1973) , and an increase in the number of dense anionic sites on the cell surface (Raz et al., 1980a) associated with increased metastatic potential.
The increased binding of ML cells to gorse I, the fucose-binding lectin, is difficult to interpret without additional information, because it could mean either that there are increased numbers offucosylcontaining glyco-components on the cell surface or that their mobility in the surface had increased. Conclusions from many previous studies (Rapin & Burger, 1974; on the lectin agglutination of cells would tend to favour the latter explanation. Nothing is known on the levels of surface fucose in metastasizing and non-metastasizing cells; one study on normal and malignantly transformed BHK cells reported very similar levels (Buck et al., 1970) . It has been shown that the cell surfaces of tumours are enriched in certain fucosyl-containing sialoglycoproteins (Van Beek et al., 1973; Warren et al., 1975) but attempts to correlate this change with increasing metastatic potential have been unsuccessful (Warren et al., 1975) .
We could find no consistent differences between the surface-protein components of the NML and ML cells using lactoperoxidase-catalysed radioiodination. This agrees with previous studies on the lungmetastatic variants of the B16 melanoma, which also failed to demonstrate any appreciable differences using a similar labelling technique Raz et al., 1980b 
